In this paper, we discuss the energy-momentum problem in the realm of teleparallel gravity. The energy-momentum distribution for a class of regular black holes coupled with a non-linear electrodynamics source is investigated by using Hamiltonian approach of teleparallel theory. The generalized regular black hole contains two specific parameters α and β (a sort of dipole and quadrupole of non-linear source) on which the energy distribution depends. It is interesting to mention here that our results exactly coincide with different energy-momentum prescriptions in General Relativity.
Introduction
The notion of energy-momentum localization has been one of the interesting, attractive but controversial issue since the advent of General Relativity (GR). Many physicists have made painstaking efforts on this problematic issue but it is still an open problem. Einstein [1] himself established the first momentum from the Hamiltonian formulation of TEGR [37] . da RochaNeto and Castello-Branco [38] computed gravitational energy for the Kerr and Kerr anti-de Sitter spacetimes. Recently, Sharif and Sumaira [39] have used this procedure to obtain energy and its relevant quantities for some vacuum and non-vacuum spacetimes.
It has been found [40] - [42] that different prescriptions in GR yield the same results for a regular black hole and a class of regular black holes coupled with non-linear electrodynamics source. This paper is focussed to evaluate energy and its related quantities for a class of regular black holes using the Hamiltonian approach in TEGR. The layout of the paper is the following: Section 2 contains expressions of gravitational energy, momentum, angular momentum, gravitational and matter energy-momentum fluxes. In section 3, we evaluate energy and its contents for a class of regular black hole solutions. Section 4 provides discussion on the obtained results.
We shall use the following convention throughout the paper: Spacetime indices (µ, ν, ρ, ...) and tangent space indices (a, b, c, ...) run from 0 to 3. Time and space indices are represented as µ = 0, i and a = (0), (i) respectively.
Energy-Momentum in Teleparallel Theory using Hamiltonian Approach
The basic ingredient of teleparallel theory is the tetrad field e a µ which is used to define Weitzenböck connection [43] 
and the torsion tensor
The Lagrangian density for the gravitational field endowed with matter in TEGR is described as [37] 
where κ = 1/16π, e = det(e a µ ) and the anti-symmetric tensor Σ abc on the right two indices is
The corresponding field equations are
The total Hamiltonian density is [44] H(e ai ,
where C a , Γ ik , Γ k and α ik , β k represent primary constraints and Lagrangian multipliers respectively. The gravitational energy-momentum over an arbitrary volume V is defined as
where
is the energy-momentum density [36] . The total angular momentum can be written as [45] 
After some simple manipulations in the field equations (5), one can define the a component of the gravitational energy-momentum flux and matter energymomentum flux [46] as
S represents the spatial boundary of the volume V . Here the quantity φ aj describe the a component of the gravitational energy-momentum flux density in j direction and its expression is
A Class of Regular Black Hole Solutions
One of the burning issues of GR is the global regularity of black hole solutions. Bardeen [47] was the first who discovered astonishing model known as regular black hole (also called Bardeen model). After this, some more singularity free models [48] - [50] were found also called Bardeen models [51] . These models are not exact solutions of the Einstein fields equations due to un-availability of appropriate physical source. In the mean time, Ayon-Beato and Garcia [52] - [54] found exact singularity free solutions by coupling the EFEs with nonlinear electrodynamics. They [54] generalized a regular class of exact black hole solutions of the EFEs coupled with non-linear electrodynamics source [52] . This class of solutions can be converted into Maxwell theory under the restriction of weak field approximations which correspond to asymptotic Reissner-Nordström black hole. The generalized form of these solutions is given by the line element
r and the function M(r) for three different models [53, 54] is given by
The associated electric field sources are given by
Here m and q represent mass and electric charge respectively and the parameters α, β indicate a sort of dipole and quadrupole moments, respectively, of non-linear source due to the presence of asymptotic behavior of electric field. For the choice of α ≥ 3, β ≥ 4, q ≤ 2s c m (s = |q|/2m and s c is the critical value), these solutions elaborate regular charged black holes and geometrically its global structure is same as Reissner-Nordström black hole. However, the disturbance occurs at essential singularity, r = 0, which is taken as origin of spherical coordinates. The corresponding asymptotic behavior of these solutions is given by
We can construct the tetrad components associated with (12) by adopting the procedure [28] as sin φ sin θ r sin φ cos θ r cos φ sin θ 0
with e = det(e a µ ) = r 2 sin θ. The non-vanishing components of torsion tensor are
which yield the following non-zero components of the tensor T λµν = e a λ T aµν
where dot represents derivative with respect to radial component r.
Energy, Momentum and Angular Momentum
The energy density corresponding to Eq. (12) can be obtained with the help of Eqs. (4) and (8) −
Consequently, the energy will become
Using the binomial expansion with r ≫ M(r), it follows that
Inserting Eqs. (13)- (15) in the above equation, it follows
Momentum and angular momentum turn out to be constant.
Energy-Momentum Flux
Here we evaluate energy-momentum flux. Since all the components of gravitational energy flux density φ (0)j vanish, hence the gravitational energy flux becomes constant, i.e., for a = 0, we have Φ 
The momentum flux (Φ
) is obtained by replacing a = i in Eq.(10)
Inserting the values of momentum flux densities in the above expression for i = 1, 2, 3, we get the gravitational momentum flux
These turn out to be constant for r ≫ M(r), i.e.
giving rise to
Thus the components of momentum flux are free of parameters α, β, m and q but depend upon spherical coordinates θ and φ.
In order to evaluate matter energy-momentum flux, we have to calculate electromagnetic energy-momentum tensor. Its non-zero components are
The matter energy flux becomes constant while the components of matter momentum flux are
Here Ξ is the electric field related to each solution and hence matter momentum flux is different for each solution. 
Summary and Discussion
In this paper, we have investigated gravitational energy and its related quantities such as momentum, angular momentum, gravitational and matter energy-momentum fluxes. These are found for a class of regular black hole solutions of the Einstein equation coupled with a non-linear electrodynamics source. For this purpose, we have used the Hamiltonian approach of TEGR.
We note that Eq. (28) gives a well-defined energy for all values of α, β, q, r except for α = 0 = β = r. For α = 3, β = 4, this yields the results of energy given in [41] . When α = 0 = β, the energy distribution corresponds to the energy of Reissner-Nordström spacetime. For q = 0, this reduces to the ADM mass which also corresponds to the energy of Schwarzschild solution. The energy vanishes for α ≥ 3, β ≥ 4, q ≤ 2s c m, r = 0.
It is interesting to mention here that our results for energy distribution (26) , (27) are exactly the same with those found [41, 55] by using Einstein and Bergmann prescriptions in GR. Equation (28) yields exactly the same energy found by Yang et al. [42] evaluated by using Einstein and Weinberg prescriptions in GR. The gravitational and matter energy flux vanish and the components of momentum flux become independent of mass parameter which turn to be constant for particular values of θ and φ. The constant gravitational momentum flux indicates that there exist a uniform distribution of matter or no matter in asymptotically flat region. We would like to mention here that this prescription is coordinate independent and best tool in the race of energy localization problem.
